ABSTRACT The effect of irrigation on the abundance of Empoasca vitis (Gö the) populations was investigated in four vineyards located in northeastern Italy. In two experiments, we compared leafhopper population densities in plots irrigated (micro-spray irrigation system) or nonirrigated. In another experiment, we studied the effect of various irrigation systems on E. vitis populations over two successive seasons. In particular, Þve treatments were compared: control (not irrigated), traditional drip system, three types of subirrigation varying in distance from the row (40, 135, and 95 cm). In this vineyard, stem water potential was monitored with a pressure chamber. E. vitis population densities were affected by irrigation, with higher densities of this pest recorded on irrigated vines. Highest E. vitis densities were detected in drip irrigation plots compared with nonirrigated plots where water stress was highest. Moderate water stress (subirrigation plots) was associated with intermediate leafhopper densities. Implications for integrated pest management are discussed.
The leafhopper Empoasca vitis (Gö the) (Homoptera: Cicadellidae) is a serious pest of grapevines in Europe (Vidano 1963 , Baggiolini et al. 1968 , Moutous and Fos 1973 , Cerutti et al. 1988 , Baillod et al. 1990 , Pavan et al. 2000 . E. vitis is a polyphagous and polivoltine leafhopper that overwinters as adult on evergreen plants (Vidano 1963 , Baggiolini et al. 1968 , Cerutti et al. 1988 ). This leafhopper is a phloem feeder on grapevine leaves, whose margins can become reddish or yellowish and then desiccate (Vidano 1963, Carle and Moutous 1965) . Symptoms are associated with a reduction in photosynthesis, mesophyll conductance, and transpiration rate (CandolÞ et al. 1993) . Feeding activity can cause yield losses and sugar content reduction (Moutous and Fos 1971 , Baillod et al. 1993 , Pavan et al. 2000 . In northeastern Italy overwintered adults colonize the vineyards in spring and three generations are completed per year (Pavan et al. 1988) .
Vegetative plant status can inßuence pest behavior. Water is fundamental for photosynthesis and transpiration (Escalona et al. 1999) , and on grapevines it affects plant growth, grape production, and canopy microclimate (Kliewer et al. 1983, Grimes and Williams 1990) . Drought induces stomatal closure, reduces photosynthesis and transpiration, and consequently increases temperature and decreases humidity in the canopy (Holtzer et al. 1988) . Drought can also reduce shoot growth, and delay bunch and wood maturity (Escalona et al. 1999, Lakso and Pool 2006) . However, an excess of water availability, even if it promotes grape vegetative growth, delays wood maturity Seguin 1994, Schultz and Gruber 2005) , and grape ripening (Fregoni 2005, Intringolo and Castel 2008) .
Water amounts can have pronounced effects on herbivores; for example, leafhoppers both phloem (e.g., Empoasca spp.) and mesophyll (e.g., Erythroneura spp.) feeders. On cotton, irrigation favored a high canopy density and increased abundance of a complex of leafhoppers belonging to the genus Empoasca (Leigh et al. 1974 ). On water-stressed alfalfa, Medicago sativa L., the leafhopper Empoasca fabae (Harris) manifested longer developmental periods, higher egg mortality and lower densities (Hoffman et al. 1990, Hoffman and Hogg 1992) . These factors were affected by decreasing plant water potential from Ϫ0.7 megapascals (MPa) progressively to Ϫ2.5 MPa (Hoffman et al. 1990, Hoffman and Hogg 1992) . A positive correlation between leafhopper population densities and irrigation was also found in a number of investigations on grapevine. In California, Erythroneura elegantula (Osborn) densities were positively related to applied water amounts (Trichilo et al. 1990 , Costello 2008 . Daane et al. (1995) conÞrmed this observation and also found that irrigation amounts were positively correlated with adult size and emerged female fecundity. A proper regulation of vine vigor through irrigation could reduce Erythroneura variabilis (Beamer) densities without reducing crop yield in California vineyards (Daane and Williams 2003) .
It is known that grapevine vigor and canopy density can favor oviposition and nymph abundance of E. vitis in vineyards (Vidano 1963 , Pavan and Pavanetto 1989 , Pavan and Picotti 2009 , Decante et al. 2009 ). Grapevines with similar E. vitis population levels, then submitted to two different water availability treatments (i.e., irrigated or not) had a higher degree of leaf symptoms (yellowish or reddish leaf areas, sometimes followed by leaf desiccation) when they were water stressed (Pavan et al. 2000) .
The aim of this study was to evaluate the effect of irrigation on E. vitis population densities in different vineyards located in northeastern Italy. If, as has been found with Erythroneura spp. in California, the amount of applied water inßuences leafhopper density, water management could be a control strategy for E. vitis populations as an alternative to insecticides. This strategy would be beneÞcial in organic vineyards where the use of pesticides is restricted to a few active ingredients (e.g., pyrethrins) having low persistence.
Materials and Methods
Experimental Sites and Design. The experiments were conducted in four vineyards located in the Veneto region (northeastern Italy) from 2006 to 2008. Experiment 1. The Þrst study was conducted in 2006 in two vineyards of Ϸ3,000 m 2 each, located in the Colli Berici area (Vicenza province) comprised of the cultivars Chardonnay and Garganega, respectively. The vines were grafted on SO4 rootstock and trained with the "pergola" system [spacing 4 ϫ 1 m; 2,500 vines per hectare]. The soil is characterized by clay at surface layer (Ͻ0.6) and clay-gravel at Ͼ0.6 m depth. Two treatments (i.e., "irrigation" or "no irrigation") were compared in each vineyard. In the irrigation treatment, a micro-spray irrigation system was used. Irrigation water was applied on 30 June and on 15 July (irrigation amount per season: 72.8 mm). Plots were arranged in a randomized block design with vineyards considered as blocks. Each treatment comprised two replicates of 50 vines per block (four replicates per treatment), with the 25 in the middle of plots used for sampling. Total rainfall during the experiment was 38.6 mm. The same fungicides (e.g., mancozeb, dimethomorph, sulfur, copper hydroxide) were applied during the season in both vineyards to control grape downy (Plasmopara viticola) and powdery mildews (Uncinula necator). Fenitrothion was applied (6 July) in both vineyards to control Scaphoideus titanus Ball. Earlier work suggests that organophosphates, such as fenitrothion, lost their effectiveness against Italian E. vitis populations signiÞcantly (Girolami et al. 2000) and, therefore, these insecticide applications did not affect the study.
Experiment 2. A similar trial was conducted in 2006 in a vineyard of Ϸ4,000 m 2 located in Spresiano (Treviso province) and comprised of the cultivar Glera (formerly Prosecco). Vines were trained with the "Sylvoz" espalier system (spacing 3 ϫ 1.2 m; 2780 vines per ha). The soil is characterized by a loam-sand mixture with stone (15%) at surface layer (Ͻ0.6) and clay-sand at Ͼ0.6 m depth. Irrigation was provided by a micro-spray system. Two treatments were compared ("irrigation" and "no irrigation"). In the Þrst treatment grapevines were irrigated three times (24 and 30 July, 4 September) (irrigation amount per season: 60 mm). Plots were arranged in a randomized block design, with six replicates per treatment (15 plants per plot). Total rainfall during the experiment was 177.4 mm with Ϸ100 mm from 1 August to 4 August. The same fungicides (e.g., mancozeb, dimethomorph, sulfur, copper hydroxide) were applied in both treatments to control grape downy and powdery mildews while no insecticides were applied.
Experiment 3. This experiment was conducted during 2007 and 2008 in an experimental vineyard of Ϸ5,500 m 2 located in Tezze di Vazzola (Treviso province) and comprised of the cultivar Merlot. The soil is characterized by a loam-sand mixture at surface layer (Ͻ0.6) and clay-sand at Ͼ0.6 m depth. Vines were grafted on rootstock 161Ð 49 and trained with the Guyot system (spacing 2.7 ϫ 0.88 m; 4,200 vines per ha). Five treatments were compared: 1) NI: no irrigation; 2) DL95: a drip line was positioned 20 cm below the ground surface and 95 cm from the row; 3) DL135: a drip line was set below the ground surface and placed 135 cm from the row (in the middle of the interrows); 4) DL40: a drip line was set below the ground surface 40 cm from the row; 5) DI: the drip line was placed along the row Ϸ50 cm above the ground (standard drip irrigation set up). Each treatment was comprised of four replicates, each of 20 vines. Irrigation was applied when water potential (stem⌿) was lower than the range of Ϫ0.9 megapascal (MPa) to Ϫ1.0 MPa in each treatment, except the control that was irrigated only when water potential was lower than Ϫ1.6 MPa. During 2007, irrigation was applied eight times from July (irrigation amount per season: 50.4 mm), and the trial was completed in late July. Total rainfall during the experiment was 37.2 mm. In 2008, irrigation was applied three times in July (irrigation amount per season: 15.4 mm) and the trial was completed in late July. Total rainfall during the experiment was 60.2 mm. The same fungicides were applied in all treatments to control grape downy and powdery mildews. Thiamethoxam was used in spring 2007 (5 June) to control S. titanus; no insecticides were applied during 2008.
Sampling Methods. Grapevine Measurements. The grapevine water status was estimated measuring the stem water potential by using a pressure chamber (Scholander et al. 1965) . In 2007, stem water potential was assessed from late May to late August. In 2008, this parameter was measured from mid-July to mid-August because of repeated rains from the second half of August onwards. During irrigation period, stem water potential was assessed before each water supply. Stem water potential was measured on six leaves per treatment, at 2:00 p.m. One hour before assessment, leaves were wrapped with a nylon Þlm and covered with aluminum foil to protect them from sunlight (Chonè et al. 2001 ).
This parameter is often used as a direct indicator of the vine water status because this instrument assesses the negative hydrostatic pressure (tension) in the xylem (Chonè et al. 2001, Taiz and Zeigher 2002) . A number of authors (e.g., Carbonneau 1998 , Grimes and Williams 1990 , Girona et al. 2006 , Deloire et al. 2007 ) have established water stress reference values on an international scale. These conditions start to appear on vines with a potential ranging from Ϫ0.8 MPa to Ϫ1.2 MPa. Higher values determine increased stress, compromising the actual vineÕs basic functions; at stem water potentials greater than Ϫ1.8 MPa, the risk of defoliation increases.
The incidence of symptoms (changes in color and/or desiccate) caused by E. vitis was estimated at harvest as percentage of symptomatic leaf area estimated following a procedure by Pavan et al. (2000) . Leaf surface with symptoms was categorized in eight percentage classes: 0, 1, 5, 10, 25, 50, 75, and 100. Measurements were taken on 20 vines per treatment, observing 10 basal leaves from a single shoot per vine. The third shoot on the fruiting head starting from the trunk was selected.
Shoot growth was measured during 2008 on 16 vines per treatment, selecting one shoot per vine: the second shoot from the head before topping, and after wards a lateral shoot in the position nearest the cut. Measurements of shoot length were taken every 7Ð10 d per vine per treatment. At veraison in 2008, the canopy structure was assessed by applying the "point quadrat" method (Wilson 1963 , Bertamini et al. 1994 . Following this method a square plastic panel measuring 1 m 2 in size with predrilled holes at 10 cm intervals was used. The panel was placed on the vineÕs vegetation. A pointed metal pole Ϸ1 m length was inserted in the holes in the panel and used to penetrate the canopy. The number of contacts of the metal pole with leaves and bunches was recorded. The procedure was repeated four times per treatment, each consisting of 90 penetrations. The following parameters were calculated:
• Percentage of empty space in the vegetation, obtained by calculating the ratio between the number of gaps detected and the total number of penetrations; • Number of leaf layers, that is, the number of leaf contacts divided by the number of penetrations; • Percentage of leaves inside canopy, by dividing the number of leaves (except the Þrst and last of each penetrations) by the total number of leaves detected.
Insect Sampling. In the three experiments the population densities of E. vitis (nymphs and adults) on leaves were estimated every 7Ð15 d. Data collection started according to the experiments and was different among seasons. Therefore, data collection started in late May (experiment 1) and in July (experiment 2 and experiment 3), respectively, and ended at harvest time. Leaves were not removed from the plants and E. vitis nymphs and adults were counted in the Þeld. The number of leaves sampled per treatment in each date were 100 for experiment 1, 150 for experiment 2 and 80 for experiment 3.
Statistical Analysis. Data on E. vitis obtained in experiment 1 were analyzed using a Restricted Maximum Likelihood repeated measures model with the Proc MIXED of SAS (SAS Institute 1999). Treatment, times, and their interactions were considered as Þxed effect and were evaluated with F tests (P ϭ 0.05). In this analysis vineyard was considered as a block random effect term. The KenwardÐRoger method was used for degrees of freedom estimation (Littell et al. 1996) . SpeciÞc contrasts and F test (P ϭ 0.05) were applied to evaluate differences between treatments prior and after the start of irrigation period. Moreover, differences between treatments in each sampling date were evaluated with t-tests (P ϭ 0.05) to the leastsquare means (Littell et al. 1996) . Three separate analyses were run using response variable data on: 1) nymphs; 2) adults; 3) overall population. We considered dependent variables as repeated measures made at different times (i.e., sampling dates). According to Akaike Information Criterion, Þrst-order autoregressive proved to be the best Þtting covariance structure for correlating different sampling dates (Littell et al. 1996) . Data were checked for normality assumption and thus the numbers of E. vitis were Log 10 (x ϩ 1) transformed, but the Þgures show untransformed data. Data on E. vitis abundance observed during experiment 2 were analyzed with the SAS GLM procedure (SAS Institute 1999) applying a general linear model on the data and considering sampling date as repeated measure (repeated measures analysis of variance [ANOVA] ). The effect of treatment was compared using F tests (P ϭ 0.05). Posthoc comparisons were performed with the Ryan-Einot-Gabriel-Welsch Multiple Range Test (REGWQ) (P ϭ 0.05). Before the analysis, data were transformed to Log 10 (x ϩ 1) to respect ANOVA assumptions. Data from experiment 3 (E. vitis nymphs, adults, and overall population on leaves, stem water potential, percentage of leaf symptoms, length of main and secondary shoots) were analyzed using nonparametric procedures (Siegel and Castellan 1988) , in particular by the Friedman test (F r ) when date was used as the repeated measurement or the KruskalÐWallis test (KW) in the event of nonpaired data. Both tests were followed by DunnÕs multiple comparison test (Dunn 1964) . The vegetation parameters measured using the point quadrat method were analyzed with the KruskalÐWallis test followed by DunnÕs multiple comparison test (Dunn 1964) . Data on E. vitis overall population were analyzed but not presented in Þgures.
Results
Experiment 1. E. vitis nymph population was negligible during the Þrst generation, while showing signiÞcant peaks in the second and third generations, that is, in July and September, respectively (Fig. 1) . Firstgeneration adults reached higher densities in late June and those of the second generation peaked in early August (Fig. 1) . Irrigation had a positive effect on E. vitis population levels. In particular, higher densities were found on irrigated than on nonirrigated vines when considering nymphs (F ϭ 8.19; df ϭ 1, 19.8; P ϭ 0.009) and adults (F ϭ 26.00; df ϭ 1, 18.1; P Ͻ 0.001). The same effect was also evident on the overall population (F ϭ 14.96; df ϭ 1, 13.5; P ϭ 0.002). E. vitis population density ßuctuated considerably, as shown by the signiÞcant effect of time (nymphs: F ϭ 7.93; df ϭ 8, 42.2; P Ͻ 0.001; adults: F ϭ 21.15; df ϭ 8, 39.8; P Ͻ 0.001; overall population: F ϭ 11.38; df ϭ 8, 42; P Ͻ 0.001). The "treatment ϫ time" interaction was signiÞcant on adults (F ϭ 1.05; df ϭ 5, 39.9; P ϭ 0.413) but not on nymphs (F ϭ 0.88; df ϭ 8, 42.2; P ϭ 0.541) and overall population (F ϭ 0.82; df ϭ 8, 42; P ϭ 0.588). Contrasts between treatments showed no differences in the preirrigation period (nymphs F ϭ 0.07; df ϭ 1, 28.8; P ϭ 0.796; adults: F ϭ 2.05; df ϭ 1, 27.3; P ϭ 0.163; overall population: F ϭ 0.98; df ϭ 1, 22.5; P ϭ 0.33; Fig.  1 ) while higher leafhopper numbers were observed after irrigation application in the respective plots (nymphs: F ϭ 10.84; df ϭ 1, 23.1; P ϭ 0.003; adults: F ϭ 26.26; df ϭ 1, 21.4; P Ͻ 0.001; overall population: F ϭ 17.10; df ϭ 5, 24.5; P Ͻ 0.001; Fig. 1) .
Experiment 2. E. vitis nymph population decreased from the Þrst sampling onward (Fig. 2) . The nymph density decline was more pronounced in the "no irrigation" treatment than in the "irrigation" treatment (Fig. 2) . Irrigation applied in late July had a positive effect on the densities of nymphs (F ϭ 5.48; df ϭ 1, 10; P ϭ 0.041) but not on adults (F ϭ 1.74; df ϭ 1, 10; P ϭ 0.215) (Fig. 2) . The effect of irrigation was evident again when the overall population was considered (F ϭ 7.91; df ϭ 1, 10; P ϭ 0.018).
Experiment 3. In 2007, water stress was different among treatments (F r ϭ 55.03; P Ͻ 0.001). Two water stress periods were observed, the Þrst in the second half of July and the second in the Þrst half of August (Fig. 3) . Water potential values were signiÞcantly lower in NI than in the remaining treatments (Table  1) . Higher water potential values were found in DI (above-ground dripline) than on DL95 and DL135 treatments (driplines placed at 95 or 135 cm from the row) (Table 1 ). DL40 treatment (dripline placed at 40 cm) did not differ from DI, DL95, or DL135 (Table 1) . The occurrence of E. vitis was negligible in late spring and early summer, probably because of the thiamethoxam application in early June, but leafhopper densities increased later in the summer (unpublished data). Before irrigation treatment no differences were found on E. vitis adults (KW ϭ 2.71; P ϭ 0.607) (Fig.  3) , while no nymphs occurred on leaves (Fig. 3) . The treatment effect was signiÞcant after irrigation [nymphs: F r ϭ 309.11; P Ͻ 0.001; adults: F r ϭ 127.97; P Ͻ 0.001; nymphs ϩ adults (overall population): F r ϭ 368.47; P Ͻ 0.001; Fig. 3 ]. Higher numbers of E. vitis adults and nymphs were recorded in DI compared with the remaining treatments ( Table 1 ). The lowest E. vitis densities (adults and nymphs) were found in the NI treatment, while leafhopper numbers in other treatments were intermediate between NI and DI (P Ͻ 0.001) ( Fig. 3; Table 1 ). Leaf surface with symptoms was inßuenced by irrigation treatments (KW ϭ 648.87; P Ͻ 0.001). The percentage of leaf surface with symptoms caused by E. vitis was higher in DI than on the remaining treatments (Table 1) . Moreover, higher values were reached in DL95, DL135, and DL40 than in NI (Table 1) .
In 2008, water stress was detected from the second half of July to early August (Fig. 4 ). Differences in water stress level were evidenced among treatments (F r ϭ 43.61; P Ͻ 0.001). Water potential measurements revealed lower values in NI compared with DI and 4 ; Table 2 ). The treatment effect was not signiÞcant before irrigation [nymphs: F r ϭ 8.69; P ϭ 0.069; adults: F r ϭ 0.31; P ϭ 0.989; nymphs ϩ adults (overall population): F r ϭ 2.51; P ϭ 0.643], but it was clear after irrigation on adults (F r ϭ 27.87; P Ͻ 0.001), nymphs (F r ϭ 56.78; P Ͻ 0.001), and overall population (F r ϭ 81.83; P Ͻ 0.001). In particular, higher densities of adults occurred in DI than in NI, DL135, and DL40 treatments, while DL95 was associated to intermediate values (Table 2 ). E. vitis nymphs were also more abundant in DI than in NI and DL135 treatments, while DL95 and DL40 were at intermediate levels ( Table 2) . Patterns of motile stages substantially reßected those seen for adults ( Table 2 ). The percentage of leaf surface with symptoms caused by E. vitis was different among treatments (KW ϭ 37.07; P Ͻ 0.001). Lower level of symptoms was found in NI and DL135 compared with the other treatments ( Table 2 ). The measurement of canopy density using the "point quadrat" method showed differences in the percentage of vegetation empty spaces (KW ϭ 9.84; P ϭ 0.043). In particular, this parameter was lower in DI than on NI treatments (Table 3 ) and intermediate in the remaining treatments. The percentage of leaves inside the canopy was also different among treatments (KW ϭ 14.665; P ϭ 0.005) and was higher in DI than in NI treatment (Table 3) ; treatments subjected to subirrigation showed intermediate values (Table 3) . A similar trend emerged for the number of leaf layers (KW ϭ 15.13; P ϭ 0.004) ( Table 3) . Shoot growth, measured from April to early July, did not differ among treatments (Fr ϭ 2.60; P ϭ 0.626) (Table 3) . However, the length of lateral shoot developed after topping was signiÞcantly (Fr ϭ 150.52; P Ͻ 0.001). Lower levels of lateral shoot development were observed in NI and DL135 than in DL95, DL40, and DI treatments (Table  3) .
Discussion
Irrigation had a positive effect on the abundance of E. vitis, conÞrming Þndings related to other grapevine leafhoppers (Trichilo et al. 1990 , Daane and Williams 2003 , Costello 2008 . The positive effect of irrigation on E. vitis populations observed in the Þrst two experiments, was conÞrmed in experiment 3 where variations in E. vitis population densities were also related to negative stem water potential values. Highest water stress levels in NI, the nonirrigated treatment, were associated with the lowest leafhopper population densities. The opposite situation was seen in DI, the dripirrigated treatment, where stem water potential was always on the highest values (less negative) and leafhopper densities recorded the highest. The most interesting situation was observed in DL40 plots, where water stress level was similar to DI plots but E. vitis infestation was signiÞcantly lower. The population dynamics of E. vitis observed in 2007 suggests that at the end of July, adults preferred to colonize dripirrigated vines, probably because of the favorable conditions. On subsequent sampling dates, the abundance of nymphs on these plots was higher than in other treatments. These differences persisted over the season with clear implications for leaf symptoms. In 2008, E. vitis population densities were lower and differences among irrigated treatments were less pronounced. The clearest differences emerged in the comparison between NI and DI treatments.
The preference of adults for drip-irrigated vines is also suggested by the population trends of experiment 1. In this case, differences in nymph or adult numbers emerged in July when population densities increased. In experiment 2, both treatments suffered water stress before the trials because of drought conditions in early July, and after the second generation of E. vitis started decreasing. As a result, the overall leafhopper population densities showed a substantial decline and adult densities did not differ between the two treatments. Despite these conditions, a positive effect of irrigation on nymph density was still detectable.
Differences in nymph densities between nonirrigated and irrigated vines emerged in all experiments. The low leafhopper numbers on water stressed vines could be related to a reduction in the amount of eggs laid per female because of a vine water stress effect on leafhoppers, but also to a behavioral response because adults are reasonably adverse to colonize water stressed plants and lay eggs on them (Hoffman and Hogg 1992 , Daane and Williams 2003 , Costello 2008 . On E. fabae (Harris) infesting alfalfa, a reduction in egg survival was observed on water-stressed compared with well-watered plants (Hoffman et al. 1990), and Costello (2008) suggested that these two phenomena may be involved in Erythroneura spp. response to water deÞcit on grapevine. In the latter study, the author also reported an increase in nymph mortality on water-stressed vines and suggested that the thicker leaf cuticle of these plants may impede nymph stylet penetration. To our knowledge no data are available on the mechanism of E. vitis response to water deÞcit and thus speciÞc studies are required.
Another possible factor involved in E. vitis response to irrigation may be the change in microclimatic conditions within the canopy. Severe water stress could accentuate the closing of stomata and the reduction of transpiration. This would result in a reduction in air humidity and an increase in temperature inside the canopy (Holtzer et al. 1988 , Poni et al. 2005 . Among irrigation treatments, DL40 was associated with stress values not dissimilar to those observed in DI but with signiÞcantly lower leafhopper densities. In the DL40 treatment, the Þrst 10 Ð15 cm of soil is not moistened, resulting in a reduction in evaporation with obvious effects on the canopy microclimate. The presence of a dry surface layer can induce deeper root growth, with a resulting increase in available water reserves. Hence, vines were exposed to acceptable water stress levels but microclimatic conditions above ground were not favorable for E. vitis, inducing low colonization levels.
Canopy temperature can also be inßuenced by plant water status, with possible effects on E. vitis. Daane et al. (1995) reported that plants under optimal transpiration conditions may maintain a canopy temperature 10ЊC lower than plants under water stress. It has been shown that temperatures over 30ЊC have negative effects on E. vitis nymph instars and adults (Cerutti et al. 1990) . In the present studies, this condition was encountered both in summers 2007 and in 2008, when high environmental temperature likely induced higher temperature in water stressed than in irrigated vines, with consequences on E. vitis populations.
Another factor that could be involved in the effect of irrigation on E. vitis populations is the density of the canopy. Previous observations revealed that vine shoots exposed to direct radiation have relatively low E. vitis populations (Vidano et al. 1988, Pavan and Pavanetto 1989) . At the same time, greater E. vitis oviposition density per leaf proved to be associated with a higher vegetation density (Pavan and Picotti 2009 ). In the current study (see experiment 3 in 2008), a greater percentage of shaded leaves and a higher number of leaf layers were observed in the treatment featuring the drip system compared with the nonirrigated treatment. The other treatments were associated with intermediate values. Indeed, from a technical point of view, drip irrigation provides water at a rate that is lower or equal to the rate of inÞltration, achieving maximum efÞciency in water adsorption by the plant. With drip irrigation, the loss of water because of erosion, runoff and evaporation is reduced considerably (Zuccari 2006 , Shock et al. 2005 . Furthermore, DI vines were characterized by greater secondary shoot vigor compared with the nonirrigated vines. Trichilo et al. (1990) and Daane and Williams (2003) identify plant vigor as the most vineyard cultural practice inßuencing the abundance of E. elegantula and E. variabilis leafhoppers in California. The increase in vegetation in irrigated vines can reduce temperature and increase relative humidity inside the canopy, creating a favorable environment for leafhoppers.
In 2008, a greater ßat-lining of population densities was observed compared with 2007, probably because stress was more short-lasting, more intense and less differentiated among treatments. In 2007, vine water potential (stem) ranged from Ϫ0.9 to Ϫ1.0 MPa, and in 2008, from Ϫ1.0 to Ϫ1.2 MPa. Based on the scale of reference values for water stress on an international scale (Carbonneau 1998 , Grimes and Williams 1990 , Girona et al. 2006 , Deloire et al. 2007 ), vines were subjected to lower water restriction in 2007 compared with 2008.
In this research we demonstrate that E. vitis nymph and adult densities are negatively related to vine water stress. In particular, leafhopper densities were lower on water-stress vines and higher on well-irrigated vines. Another important aspect regards the type of irrigation system used in Italian vineyards and elsewhere.
Experiment 3 indicated that drip irrigation systems are characterized by the highest stem water potential levels (low water stress) and highest E. vitis densities; subirrigation with a drip line at 40 cm from the vine row is associated to water potential levels similar to drip irrigation but to lower leafhopper densities; subirrigation with a drip line at 135 cm and 95 cm presents a moderate water stress level with intermediate leafhopper densities. Our results suggest that an appropriate water management and irrigation system could be a valuable tool for keeping leafhopper populations at low levels. By adopting correct practices (moderate water stress during ripening and sub surface irrigation) the impact of insecticides can be sensibly reduced. Moreover, it is well known that a moderate water stress in speciÞc periods can attain a positive effect on the vine vegetative growth (Esteban et al. 2001 , Peterlunger et al. 2005 , Sivilotti et al. 2006 with little or no decrease of yield, and potentially with a positive impact on fruit quality (Chaves et al. 2007 (Chaves et al. , 2010 . 
